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THIEE AGE OF THE POORAKA FORMATION AND ITS IMPLICATIONS, WITH SOME
PRELIMINARY RESULTS FROM LUMINESCENCE DATING

by R. P Bourman™, P Martinarms’, 1. R, Prescori & A, P B prerio!

Summary

Botnesan, [P Maimaris, By Preseort. R & Bolperio, A, P O997) The age of the Fooraka Formmnon
and its implications, with some prelimiinaey eesalts rom luminescence dating, Traomse K Soec 5 st 121031, 83-

O, 28 Novepibuer, (997,

Stranignaphic rekamonshups. sapported by Tomineseenee daiing, sugeest that the Poocaka Formmtion spae o
eregter e intervil thin previously recognised on the basis of radiocarbon diding amd statigraphic anilysis of
discrete sedimentary sections. [eestends back s B ws the Last Inwerglaciul, Re-eviluation of the ragdhocabon
uges that indicate an nterstdial wgewe (e, Oxyezen sotwope Stage 345 1 30 ba RP) Tor the sedinienty is reguired,
Alernatively, w considerable time interval Tor deposition ol the Pamraka Farmation would necessitate that the
nit b digehronons geross the kndseape. Anage extending hiack 1o the Last Interglacinl (Ovyeen fsotope
Substipe Seze 125 ka BP) would provide the appropriate palaco-climates and palaeo-coviconients for vl
sechimentution, The revised age has implicarions for faidscape eyolution, srchaeologivitl and palaeonenetic
prospecting as wellas the antiguity of the Pipeoefon in the Adebiide are

Koy Waeaeps: Ponraka boraton, Plemtocene stratigraphy, Last Toteeglacial, limineacence ditiing

Introduction

Large sreas ol the Adelaide Plams are widerlain by
the Pooraky Formation (Firman 1967, 1969, Callen
efaf. 1995: Sheand & Bowmian 19961, w reddish.
brown colowred Pleistocene alluyvial deposi with
weakly developed  calearcous pedogenic horizons
that underlies viver tervaces and alluvial tans, s
anit is dlso widesprend beyond the Adelaide Plains.
cextending on 1o the Flearieu Penimsula and into the
mid-north ul the stae. where it Nanks the Flinders
ad Gawler Rangues.

The red-colonred sediments that comprse the
widespread Pooraka Pormation have heen aseribed
dilferent names by workers over time and in different
arcus, For example, they were onginally referred 10
as the “mammiabiterons drift” by Tate (1879) becuuse
sheletul remains of (he extinet. giant marsupial,
Diprtoden opwition, were recovered from thenr m
s to the west ol the eity of Adelwide, Ward (1966)
referred 1a the sediments s the Christics Bench
Formation e the Noarlunga and Willunga sub-
hisins, Twickile (1968) nuined them the Klemzig
Sand during his investigation of the terraces ol the

Sehool of Envirmmenial snd Reareoan Samagemene fanity ol
Livgitwe g ad Lavarommnwent, Uiiversily ol South Awstli
Warende Bl The Fovels S As, 3003,

Paeprtment of Phssios andd Muthemutieal PHysies. Fha sty
b Adielimle Ansy, S00A
Fovierly Mines e Eneray Masonrees Souh Australan, PO oy
191 Bastwnnd S0 Awnst, 3003, Cuerently Mingtie Guld, 1
Colelrone ST S, Aust 5064
B A R OB Landborm Stadies near Vietor Fhirhone 10y
hbms yphests, The Upiegrsaey ol Adebinle ongnibn,

River Torrens, and Bourmun (1968, 1969 referred
(o them as the Adare Clay where they Nank the
Rivers Hindmatsh and Tnman in the Vietor |Harhor
areit (Localities shown on Fig. 1) The red-coloured
alluviun bears consistent stratigraphic relationships
1o a0 vounadr, geey-bluck  alluvium | Waldeita
Formation of Ward (1966), Walkerville Sand ol
Twidale (1968) wnd the Breckan Sand ot Bouhman
(1968 o which forms Tower terraees and foadplins
set within valleys carved ouf of the red alluviun of
the Pooraka Formation. Bstuanne shells collected
from within the Waldeda Formation in the Tower
reaches of the Onkaparinga River (Bowman 1973)
returned a radioearbon wee of 4580 + 160 vears BE
(Bourman 1979). During this middie Holocene time
the Tower, near-coastal reaches o many streams were
shillow, sheliered estuarics o revealed by the
presence of fosstliferous marine deposits an depth up
valley. This interprefation s supported by evidenee
o alocality seyveral kilometres Tronn the coast on
the lower Onkaparinga River where an ahoriginal
kitchen midden containing estuarine shells dited
N0 £ 90 yeurs B.POON, Tindale pers, comm. in
Twidate ef al 1967) i sied onoawell draimed sand
dune site al 200 ast and adjacent to the former, more
CxLensIve estuary.

Ages aseribed 1o the Pooraka Formation
and its cquivalents

The Pootaka Formution s generadly  been
aserthed 1o the Lite Pleistocene, with most
nurnerical ages, based on radivearbon daving. Galling
withinm the range nf SO.000-20.000 vears (see review
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in Clallen ¢ al. 1995). There has not been universal
agreement on to which part of the Late Pleistocene
the sediments should be allocated. Twidale (1968)
assigned the Klemzig Sand to the Late Pleistocene
and demonstrated that it must be older than 6.350
vears BP. The distal end ol the femur ol a giant
extinet marsupiul, recovered {rom 3.6 m below the
surluce ol a Nisteath terrace cut into the Adare Clay,
in the Hindmarsh River, was dated at approximately
12,600 yeuars BP (Guak - 2356) (Gill & Bourman
1972). Firman (1969) and Daily er al. (1976) also
considered the Pooraka Formation to be of Late
Pleistocene age, but younger than the Ancadara-
bearing Glanville Fornition. which is now widely
accepied to be of last interglaciul age (¢ 125,000 yr
BP; Murray-Wallace ef «l. 1988; Murray-Wallace &
Belperio 1991 Murray-Wallace 1995: Belperio ¢ al.
1995). Conlident separation between Late Pleistocene
Pooraka Forntation and carlier Pleistocene alluvial
sediments is casily achieved in the coastal zone
where they are separated by coastal Tacies, Inland. on
the Adelaide Plains. the Pooraka Formation is readily
distinguished from underlying Tertiary sands. the
Keswich Clay and the Hindmarsh Clay. The Pooraka
Formation is only weakly consolidated, carbonate
impregnated and mottled in comparison with the
underlying units (Sheard & Bowman 1996). Ward
(1960) wssigned the Christies Beach Formation to the
Liust Interglacial as he considered that the surface on
it was graded to the last interglacial shoreline (his
Epimonasterian high sea levely at approximately + 3
m above present sea level. However, at that time the
Last Imterglacial was thought w be considerably
younger than the present 125,000 yeurs BP.

Fron the Dry Creek allovial Tan, Williams (1969)
described reddish-brown clay overlying older grey-
green and red mottled clay, now known to be the
Keswick Clay (Sheard & Bowman 1987ab; M.
Sheard pers. comm. 1997), Williams (1969) ulso
noted o calcareous red-brown carth developed within
the sediments containing nodules and cylindroids of
pedogenic caleiim carbonate, A radiocarbon age of
34,600 £ 2700 yeurs BP on curbonised wood [romi
sund 3 1 below the Tand surlace was obtained by
Williwms (1969). The carbonised wood was regarded
ay detrital e origin and thns was regarded as
reliable representation of the time of deposition.
However, il the carbon were detrital, its age should
predate the tine ol sedimentation, which would
make the MO date somewhat older than the time of
deposition. The date was taken o indicate u last
glacial (Wiirm) age for the sediments, Further
radiocarbon dates supporting a last glacial (Wiirm)

CGneey, DI 01943 Geologieal teconnaissance of part of 1he
Hundreds ol Encounter Bay and Goolwi. BSce (Hons) thesis, The
Universaty ol Adelaide tunpub.).

age were derived [rom a study ol alluvial fans on the
weslern side of the Flinders Ranges (Williams 1973),
Curbonised detrital wood recovered lrom depths ol
8-9 m und 15 m within the Pooraka Formation
provided radiocarbon ages of 33.270 (+ 2130 - 1680
yeurs) BP and > 37,000 years BP respectively.

Stratigraphic observatioins

Critical evidence concerning the age of the
Poorika Formation occurs at Victor Harbor, Here the
relationships between the last interglacial shoreline
and the Pooraka equivalent unit, the Adare Clay,
suggest that the vnit is mucl older than 50,000 years.
Bourman (1968, 19691 ¢stablished that red-coloured
alluvium forms lill-top terraces along the Inman and
Hindmarsh Rivers und grades to a shorcline at¢. + 6
m above present sea level. The age ol the shoreline is
considered 10 he crucial with respect o the age ol the
terraces and tbe sediments which underlie them.
Twelve species of shells have been identified rom
this shoreline deposit (Guppy 1943%) and it s
significant that they contain the sub-Tossil Amadare
trapesia. Initally. Bourman (1968, 19691 Tollowed
Sprigg (1952) and assigned these shells to the
Huolocene, Subsequently, the shells were radiocurbon
dated returning ages of 33,170 + 3,180 -2.270 years
BP (GaK-3561) and >30.320 years BP (GaK-6099).

Although the above dates are compatible with
those of Williams (1969, 1973) they are questionable
because the period wround 30,000 years BP was 3
time of low sea level. Furthermore. it is now
generally aceepted that materials whose true uges ure
heyond the range ol radiocarbon dating (> 40 ka Tor
most laboratories) may yield younger apparent ages,
due to the diagenic incorporation of low levels ol
radiocarbon from modern activity., Thus, materials
with an infinite age by radiocurbon dating techniques
may yield an apparent uge ol 37 ka due to the
incorporation ol 1% “C with a modem activity
(Gupta & Polach 1985). Gill (1974) checked
radiocarbon dates of (his age against other dating
techniques and concluded that radiocarbon dating
may be reliuble lor young materials but older
materials may return ages that are (ar 100 young.
Similar conclusions were reported by Bowiman &
Harvey (1983) und Belperio ef al. (1984).

Not only do Anadara shells occur at the + 6 m
shoreline at the coast at Victor Harbor, but extremely
large Anaedlara shells were recovered Trom a sewer
trench ¢, 1.6 kin upstrean at a depth oI'4 m below the
surface. within the Pooraka Formution cequivalent
unit and at the same absolute elevation ol 6 11 us al
the shoreline (Fig. 2). A drilling programme (CSIRO
Soils  Division) Turther revealed the intimate
association ol Anadara shells with the Pooraka
Formation equivalent unil, demonstrating that here
the Andadara, last interglacial deposits (Glanville
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Formation) and  the  Pooraka  Formation  are o last interglacial age.
interealated coastal and eerestrial equivalents. The

Anadare shells have heen dated hoth by Uranium- Methaods
Thorium  techimgues (100,000« 50,000 yeirs TBP)
und by wmint-acid racemisation studies (Knnber & The stratigraphic relationships  between  lasl
Milnes 1984 which provided results consistent with interglacial molluses and the Pooraka Formalion
_ Anadara Shells [« Glanville Farmation)
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equivalent, near the coast, at Victor Harbor provided
strong indications that the Pooraka Formation might
extend back to the time of the Last Interglacial. In
order to test this hypothesis, and to determine
whether the inland, terrestrial Pooraka Fornuation
sediments were of an equivalent age, an attempt was
made to obtain a numerical age lor this formation
nsting the teclmigue ol luminescence dating. A key
site chosen for sample collection for luminescence
dating was the Dry Creek (Pooraka) locality where
Williams  (1969) collecied samples of  detrital
carbonised wood and carbonate Tor radiocarhon
dating (Fig. 3). Unfortunately, the steep river bluf( al
this site has now been contoured and landscaped so
that it was not possible to sample from exactly the
same site as Witliams (1969).

A second sile on the River Torrens at Walkerville,
where u thick Pooraka scction had previously been
exposed. was sclected as a subsidiary Tuminescence
dating sampling site. As both sites have suffered
from human modification and landscaping of the
Tormmer eroding river bluffs it was decided to collect
saniples Tor luminescence dating by drilling using an
auger drill with an mternat push eylinder. This
method altowed sampling depths to be determined
and the sample to be collected without exposure to
light. Two holes were drilled at Pooraka and one at
Walkerville, Samples were recovered at depths ol 3.5
m, 4.5 m, 4.8 mand 7.5 m (for Pooraka) and 4.5 m.
55 m, 6.0 m, 75 m, 9.0 m and 9.3 m (lor
Wialkerville). The drilling site ut Pooraka was located
7.74 m above the base of Dry Creek and the second
site was 11,68 m above the River Torrens level at
Walkerville. The same holes were used for both
sumple collection and scintillometry lor dose rate
determination. A summary ol data collected for the

Pooraka and Walkerville samples is shown in Table
1. Sample PKIS from a depth of 3.5 m is close to the
Tevel Trom which Williams (1969) collected detrital
carbon for MC dating.

Liminescence dating methoels

Three methods for luminescence dating (LDy ol
the sediments were used:  selective  bleach
thermoluminescence (TL) of coarse-grain quartz
(Prescott & Mojuarrabi 1993) and green hght
stimulated-luminescence (GLSL) of both coarse
grain quartz and of finc grain separates (Aitken
1994; Duller 1996). In the dating of sediments it is
assumed that exposure to sunlight 15 the agency that
resets the luminescence clock and that the sample
has been exposed to sunlight for a sufliciently long
time thut the stored energy giving rise to the
luminescence has been reduced (0 a low. near zero,
level. This 1s a reasonable assumption in open sites
exposed (o strong sunlight. but this may not be true
where there is the possibility that the material was
deposited by, or under. water, as in the present sites.
or in a generally colluvial environment. Both the TL
selective bleach and GLSL methods seek to
overcome this uncertainty by muaking use of an
casily-hleached component which can he reset to
zero by short exposure to sunlight. It is assumed that
this component has, in fact. been reset. Details ol the
methodology are presented in the appendix.

Dating results

Pilot TL runs were carried out on coarse grain
quartz Itom all samples cxcept PK2S/4.8, WV 1S/7.5
and WV 1S5/9.3. Such runs are designed to asscss
whether the sample is tikely 10 be datable and. if so.

TanLr Lo Summaey of collected data for Pooraka and Walkerville samples.

SAMPLE PPM U PPM Th PPM U PPMTh  PPM U Sct. PPM Th Set. %K XRS K Set G H0
DNA DNA

PKI18/3.5 1S+00 70+2 1484001 723405 174+ 007 7424029 1.08+0.03  086+0.02 6.8+007
PK25/4.5 LI+03 7841 1262001 731404 1752007 7684029 089+0.03 0824002 3.7+006
PK25/4.8 LI+05 6321 L1000 624404 341006 676+£028 0.89+0.03 091+£0.03 A +0.07
PKIS/T.S (2406 7042 122000 691+£04 L744007 9094032 L20£004  L13+003 124007
WVISAS 18+ 03  12+1 [81+£002 117405 1894024 1254044 1854000 1.60+£0.04 881007
WVIS/AS  16+006 1442 1934013 1264006 233+024 1054042 1814005  1.32+004 754007
WVIS/0  19+05  10+1 186+0.12 1034006 2474025 1214048 1594005 154004 831007
WVISAZS L7405 11+2 1.06+0.12 1184006 2.60+026 11.1+047 1714005 1491004 157 +007
WVISHO0  [8+05 1341 17740002 134406 2954029 134+050 2194007 1712004 1804007
WVIS/A3Z 12405 [542 [88+013 130406 2954029 1344050 1984006 1714004 164 +0.07

The [irst two columns are the results derived from Thick Source Aipha Counting. A DNA was done for uranium only: ppm
Th {DNA) were obtained by combining the count-rate from thick source alpha counting and the uranium concentration from
DNA. ppim U Set, ppra Th Set & %K Sct were derived Irom the on-site gamma ray scintillomelry data.
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e give a limited-accuracy estimate of the dequired
lnmincscence and the sensitivity o radiaton, ad
hence plan the schedule for u complete dmting

procedure. A pilot run consists of eight dises: half ol
these are bleached, after which two dises cach ol

bleached and unbleached are given a radiation dose
of 60 Gy, For all samples except PKI1S/3.50 the
shallowest of the Pooraka samples, the Tl was
clearly saturated and no Turther work on them was
justified, Although PKIS/3.5 was approaching
sabiration, a Tull dating procedure was carried vut for
both T and GLSIL.

Such procedures give the Equivalent Dose, D..
measure i grays of the energy absorbed by the

30

4

Counts x10

! 1] ) I )
100 200 300 400 500 €00
Temperature (*C)

Fig. 4. Glow curves for sample PK1S/3.5. The figmes next
1 cach curve indicate the dose in Gy.

Counts x10*

[4] 10 20 30 40 50 60 70 80
Shine Time (in seconds)

Iiig. b, GLSL. shine-down curves lor sample PK1S/3.5.
The hgares next to vach curve indicate the dose in Gy,

sample from radidtion in the enviromment since it
was Jast resel to zero. The age of the sample is Tound
by dividing the cquivalem dose by the dose raie in
aray per Kiloyear (Gy ka'ly,

Fguivalent doses, dose rates and ageys

TL glow curves are shown in Figure da. shine-
down curves in Figure 4b and corresponding dose
curves are shown in Figures Sa. b respectively, None
of the curves is scaled. 1t is evident that the dose
curve of quartz (Fig, Sayis ¢lose to saturation but that
the growth curve for GLSL on fine grains tFig. 3b)
has a dilferent shape and the corve continues to tise
quasi-lincarly tor high doses. This 1y because the

Counts x10°

0 0.0 200 400 600 800
Dose Gy

Fig, Sa. TL growth carve Tor sample PRAIS/33 Ror the [0
interval ut 3057 C. For Figures Sa and b, the curves are
lied by the “Australian slide™ method: the (natwal +
dosc) points are shuwn by crosses: the (bleached + dose)
points are shown hy vircles. There s an apparent
sensitivity change [or the TL blexched curve bt the
sealing Tactor does not differ significantly (rom unity.

Counts x10°

" M 2 "

[4 200 400 6500 800
Dose Gy

Fig. 5b. GLSL growth curve for sample PKIS/3.5
integrated over the first 100 .
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Uttt I, Eouvelone doses, dose rates and ages for compie PKIS/AA

COARSE GRAINED QUARTZ

FINE GRAINS

selective bleach TL LiLSL GLSL [1s1
I Gy 249 + 5% 08 &4+ 204+ 15 = 150)
dosa e TSAC/DNALXRS SCINT TSAC/DONAIARS SCINT
Gy ki 199 = (106 190+ 0004 254012 254 =001
Werghted mean LH7 = (103 254 =008
ge kit 126 =29 105+ 22 L6+ 6 = 1k

wrlifferentated fine grains consist of a nixire of

minerals in which guartz and reldspar ure dominant,
Thus although the quirtz companent saturates, the
leldspar component does not, Equivalent dose vilues

Irann all three methods appear in the first line of
Tuble 20 1wl be noted tha the twa methods ol

finding 1 give different values: this is characteristic
ol the metheods,

Two distinel methods Tor finding the dose rales
were used (deserbed inthe appendix). the aim being
10 get two independent values Tor cach sample, o
improve the statistical precision and as o check on
{he presence ol radiouctive disequilibrinm (Prescoll
& Hutton 1995). T'he values obtained are included in
Table 20 Ax with D dose vines dilfer for coarse ad
fine grains. The values are i excellent mumal
apreement  and  this shows  thar radioactive
disequilibrivm is absenl,

The weighted mean dose rates are shown on line 3:
line 4 shows the ages derived from the Dy using the
age equation from the appendis. The weighted miean,
L6 £ O kacis domimited by the GESL determination
for e grains.

Comment

Allowing for statistcal Ning uncertaimtes. all
three ages are in good agreement. Bearing i mind
that they are bused on different physical processes,
all of which assume that the Tuminescence signad was
set Lo zero in the past. il shows that this was very
likkely the case and thut the age being determined iy
wnedecd the timie of deposition, 1F it is not so. the
apparent ages will be too Targe.

As already mentioned, the dose growth curve of
Figtiee Sa, which is Tor quarty TL. shows that the
lumipescence is close o saturation. For this reason
the estimule of relahive dncertainty given by the
analysis s Targe. This s also true for GLSL of quartz.

For GLSL. of line grains, on the other hand, the
presence of the leldspar component allows D, 1o be
found wiath signilicantly better precision,

The best estimate of the time of deposition ol
sample PK18/3.5 is the weighled mean age, 116 £
6 kao In tact. this is dominated by the GLSL
detcrmination on fine grinns. Teis probably best o
regdrd the quurtz determinations by selective bleach
and GLSI, as being supportive of the GLSL fine
arain age. Al the two standard deviation level the age
exeeedy 104 ka, Consistent with these numbers. the
caturation of the Tumimescence of all 1the other
sumples shiows that they wee as old o older than this,
Theretore, although only one sample has yielded a
numerical age. there is enough evidence o establish
i lower limit o the age ol the Tormation and it js in
support - ol the  geomarphological  and  sedi-
mentological evidence,

I addition 1o the three methods already desenbed,
inlra-red stimulated luninescence (IRSL) ol fine
arnins (Wintle 1994) was toed. IRSL uses only
teldspars and s less susceptible (o saturation,
although it may be subject o Tong-term fading.
Although the gronvth curve was similar m shape o
the GLSL curve ol Fignre Su, the statistical Qtiing
procedures  did not satisly  our criteria Tor an
acceptable . beyond showing that it was greater
than 100 k. Whether this is due to the sample or the
methodology remains o be determined. However,
the result is sufficiently encouriging 1o sugaest thal
it muy be possible o lind ages (rom the lower levels
ul Pooraka und for Walkerville where quarts methods
were unsuecesslul:

Discussion
The location ol the date derived from the upper
section of the Pooraks Formation at a depth of 3.5 m
below fhe surface s i complete accordance with the
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numerical wee obtained pf 116 = 6 kiewilh the Last
Interglacial ranging from approximitely 132-1 18 ka
see Chen er ol 19915 Lumbeck & Nukada 19928 Zhu
gl 19935 Surling e gl 1995 Ejsentraner o «f
1996, The GLSL feehinigue olfers the possibility of

oblaining a Turninescence dale Tor Tower sections of

the Paorakd Formation thereby  fuciirating the
caleulanon of the raes of sedimentation duving the
T st Iderghicial: icmey he that sedimentation diring
Warner, welter, kst interglactal tmes win guile rapid
anel this teehnique offers the opportunily to test this
ie,

These resulis susgest o fap greater dee rnade lor the
Pooraka Formution  thin his previously  been
recopnised. Inothe past, the age of the Fooraki
tarmation has heen poorly consirained at aboul 20-
300 ki BP: pussibly beeause ol the now-known
Bntiions ol vadiocarbon dating. Furthermore, 1
should be poted that other methods such as TL,
CILSE and TRSL wetre not available when many o
the radivea bon dares were cartied vu,

Maung vbservations and cores mdicate that,
places, the Pourdhi Formition appe:irs (o be younzet
M the Jast interglacial Glaoville  Formaion,
especially i subsiding  areas. Foroexample.
Ludhrosk ¢ 1976) i the Port Adelaide wrea described
Poorsha Farmution averlving calereted  Glunville
Fotiyation, which e wen overlay Hindmarsh Clay.
Relperio and Rice (1989) showed thal o 62 cores

fron the Gilloan area. 1 record the sequence ol

Holocene overlying calereted Glanville Normation
withant Pooraka Formation, and 5 vecord Halocem:
overlying Pooridka which overlies calereted Glanville
Formation, The calereted surlaces we interpreted os
pedogenic features developed during subaetial
cxposure and  wauld have Tormed  prior 1o the
deposition of the overlying sediments of the Poorika
Formition. In contrast four of the cores record gy
sequenve of Holocene/Ponraka/Glanville Formation.
withour awell-developed culerete o the Glanville
Formation, and one records inermixarg ol Pooraka
and Glimville. These Tugt cores may indicaie coeval
Glanville and Poaraka sedimentation or lidle fime
Byvak between the (wao,

Extensive work by Sheard & Bowman (1996),
which involved drlling cores (o depths of 10 m ot
171 sites over he Adelyide Plains, intersected
Pooruka  Forpwation in SO cores. This  work
corrobotites the Bndings of Belperio & Rive (1989)
for the coustal cones More landward sues indiealed
the sequences 1o bes Holocene/Pooruka/Keswick
Clay/Hindimarsh - Clay and - Holocene/Pooraka/

W s Freen Do A Mes P By L 199S 0 Appendiy 3
Ciepnechmeal ovestpacwms o Helbfs Showes e Balderstons
Plowiibek Cilente il Witk amd TErm SWharh epurt o
Ulebtr Peopects Aviharny of SA (b )

Keswick Clay/Tertiory saneds or Adelaidean rocks, A
the 00 sites  mersectime - Pooraka  Formition
sediments. Sheard & Bowman  (199m)  ravely
expeficneed difffculties i) adenulying  Poorakas
Formution rom the overlying and  underlying
materidly (M- Sheard pers. comn 1997,

Recent drilling work hy Woadhead ¢r af, 1995
for Buulderstone amihraok in the Holdfust Shopes
(Glenely Patawalonge Redevelopneyl wrea) hus
demonstrated thad Jdeposits of Pooraka Farmation
24 m dhick occue well offshore from  the
prosent eoust hinne. These deposits are detachid
from more lundward  deposits cither by zones
of oi-depositon or by carly Holocene erosio,
Vartahle stratigraphic relationships are apparent in
this Tocalivy. For example. the tollowing relarionshigs
ol Holocene/Paoraka/Glanville/Hind mirsh Cliny.
Holocene/Glanville/ Hindimarsh Clay or Holoeener
bulham  Sand/Povraka/Clanyille/M imgdmarsh Clay/
aeenr within an 80U m ciast-west section.

IC muy be that the Pooraka Formiion wis
depasited aver a considerable period of time. This
view 1 also supported by the oceurmence ol
palacosols within Poporitka Formation equivalent
sediments ns exposed in Sellicks Creek and Cobblers
Creek. The Jumineseence data indiciwe an ape
approximately coineident with the List Tinterghiciul
(125 ka BP), but the results v any ane plice may be
inlTuenced by the terrestrial/marine intervactions. For
example. W there is nat an active supply of allaviuin
10 the consthing then marine deposition, expuosure amd
calercte tormation  will  domilnate, 0 places
subseguently mantled by Pooraka or Halocene
sedimentse IF may be thal only where there s a
sullicient supply of terrestrial sediments 1o the
coustling, sueh uy where streams debouch at the
codstline in relatyely copstramed valleys e,
Hindmirsh  River al Victar Harbor), (har the
inrertingering clipacieristivs ol the two sediments
ancbe demonstrated. 1 also possible that Pooraka
Farmation sediments do not reaeh the position of the
Glanville Formation nnil after i has been culereted.
It should bhe poted that wuch of the Pooraka
Formation has been deposited inland, well beyond
the elevation and planimetric position of e lasi
inlerelacial shoreline, so thar in these sitwations there
15 o clear strangeaphic relationship herween the twe
s

hnplications of the Poarika Forinatien s coodive
hase'k terthe Last nteraleciul

I the interpretation thal 1he Peorika Formahn
extends hack 1o the Last Interelieral is correct, o re
evalpation ol the radiocarbon sees thar indicale
slacial or iterstadian) ages Tor the sediments s
reguired. Alw@rnatively, the conflictinyg wsnlis niy
suguest that there could be sediments, wihich
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although appemring stmilar, oceupy o ramge of ages,

A number of leatons, the Poaraka Focmation
[y been poted to overlic the Glanville: Formution
with s variably developed calorcle, suggesting
surfuee expusure prior (o burial by younger Pooriaka
Fotmation sediments. Flsewhere. sueh as ine the
Jower Hindnmrsh River. where there s an interplay
ol coeval coastl and evresuri! events. the
stritigraphie relationships between the Poorika and
Cilanville Formations may simply represent o lacies
Chatige and not w o gealogieal  succession A
considerable time interval iy be requited for the
deposition of the Pooraka Formdiion w0 that ity age
couli he diachronic, with deposition odcuiiing
during the rise inosea Jevel np o and beyomd thae of
thie Lt anterghiwiul level.

A Justinterglacial age pravides approprae palieo-
climate and  pilaco-sea level  conditons for
explaining the distribution of the Pooraka Formalion,
Close W the coast the unie relnes 1 4 shoreline
[riher than the modern one, while intand the welter
wirerelacial - conditions wonld have Favoured
ageradation of scdiments s opposcd o drer glacial
conditions that would have facthitoled thyseetion,
This g would also ensure sufficient tiime hoth
for the burld up of extensive deposits oF the Poorika
Foration aver latee aieas neluding moch of the
city ol Adelaide. ind (ime during glacials angd
interstachiols Tor erosion of the Pooraka Farmalion o
develop the extensive termee system ol the River
Torrens (Twidile 1968).

A it itereTieial age tor fhe Poormka Formation 1s
ol significance o arehaeologicul prospecting. Al
present e theee is debate coneerning the antiquity
ol Tunans on the Austrifian cantinent. Substantial
Changes in vegetition related w Ahongingl buening
prichees Rave been erpreted as resalting from
humam impact and used W infer the arrival of people
in Australin as lome e s L0 years (Kershaw
eroado TRU30 Kershuw 1OU3, 1994 TUNS) These
clatnis have been questioned hy variaus workers (¢ oo
Anderson 1994 Hope 1994, White (994, Wehh
FAYA 1 T the Povraka Formalion is ol List tlere il
ST aray present o prospecting opportunity (o lest
i Aborginal colonisaton hand oceurred inosoulhern
Anstialia priot o 125000 years BF during the tme
af the penultimate glackil low sea level.

A il palacomuaznetic event, the so-callod
“Hhske Event” has been dentiticed i the northern
hemisphere in loess sequences (Klpngbo el af. 1995)
arapprosinately 120 ko Given that the generil age
ol the Poaraka Forovarion s almast certainly ol lasl
i laeial age, and thiat the upper part o the
tornttion has héen asceribed o GESE age ol T £ 0
ki, there inay be opportinities widentify the Blake
event i the souther heiisphefe,

A last mlerpictal pge 1or the Popraka Formanen

has Tmphications For the antiguity of the 2iprotoddo
in the Adelmde area. Diprotodoniid remams have
heen recorded well baek into Tertiary strata in the
North Flinders-Cullsbonna Plains wreas (Callen &
Tedford 19765 Pledge & Tedlord 1990: M. ). Sheand
pers. comm. 1997, but ot so far, in the Adelaide
wrens Discoveries of Dippotodon remuiny have been
mude i the Poovaka Formation (Twidale 1968 N,
Pledge pers. comm. 1996) of the Adeluide e amd
while the Dipeadon way have predated and
survived well beyond the wge of this sedimentary
Uit i was almost certiinly rowming the swampy,
agprading Adelnde Planns some 1250000 years ago.

The age has further impheatons Tor landscape
evolulion as there appears o have been o major
erosional hiatus of some 120000 yeoars belween the
deposition of the Povrakiy Fornation and the grey-
hlnck Willdeila Farmaton, which s of mid-Holgeene
apes There were no sea levels higher than (he present
in the intervening period so (hat erosion would e
doned this interval of time. Adwermatively, any
sedimuents deposited during (this e could have
heen removed in lite stages of crosion.

Conclusions

The pnain conelusion front this work §s it the
Pooraka TFarmabion muost span a lae greater ine
period  tha previausly recognised,  probuahly
extending as far hack as Lust Interelacial Gime ie.
125 ka0 appears  Hht the ectopie ol
cnvironmental setang. whieh influences the supply
of terrestiial sedimants to the consthing, 15 ol exireme
impurtance mointerpreting  the statighiphic
relationships hetween the Povraka Formation and [he
Glunville Farmuation. Mueh mure  fuminescence
duting work i tegiiied o constrain or docoment the
ae ranges ino different sefhings 1w in the Victn
Lhabor setong where the Iwo sre iowermivesd. in
conteast to the Port Adelside settmg where o major
calerate pulveosol separales them, We iy exfiet
[arninescence dating techiigues 1w docoment ages
freim fast intdrglueml tnes. pussihly through o 30-
SObdn o the gtz aviing are sufficiewtly resel. This
olters e possibility of providing @ more relinhle
duting tonl thun radincarbon technigques, wiieh still
strugale o provile meswmng ol dates past 40 ka,

The ved-brown alluvial sediments, relarred ooas
Ponraka Formation and equividents, wie copaided
e exdentd bhick oot Tt the Last Interglacnl of ¢
125,000 vows BF This s demonsiaied by the
stratieraphical celattonships ol the  red-hrown
sediments (o both youager and older sedineits, the
mmerdigiating of denonstrated Tast interglacial
midring deposits witly thenis then grading o+ 6om
higher shoreline containing lust interglacial marine
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fossils at Vietor Flarbor, and the fact that o higher sea
level. together with associated warmer and wetter
conditions  wauld  favour aggradation. whereas
colder. drier glacial conditions associated with lower
sei levels would have Tavoured erosion. Allof these
lactors support i lust interglacial age.

The luminescence data have demonstrated viability
s an independent means of testing the hypothesis
that the Pourika Formation 1s of Tast interglucial age.
Flovial sediments present speetal problems Tor
luminescence dating because the sediments heing
waler-deposited, may not have been exposed o
sutthight for sufficiently long o zero the guarty,
grains, resulting ininherited saturation Tevels within
the grains. A Luether complication may be that in the
Adeluide area, the sediments miay have not been
trunsported sufficient distances for the quartz grains
o have heen zerocd. Given these constraints, L is
carremely sratifylog that it was possible o achieye o
reliahle luminescence age lor the Pooraka Formation
al Dry Creek, ollering the possibility of Turther
advandce in this ared,

An o wimi wl this project was (0 establish the
elfectiveness ol ummescence as o dating wehnigue

for Quaternary (Tuvial sediments in order 10 resoly e
dilfering interpretations ol their ages and (o Geilitoe
correlation of river terraces in different valley
systems, Clearly, there s a need (o nany furfher
dates 1o be obtained from rver werraee s alluyial
fan deposits over wider-ranging dareas (o verify the
conclusions of the prexent work, However, [he
implications of an age foe the Pooraka Formation
extending hack o the Last Interglacial are so
significant thal our preliminary results are presenfed
here and provide the basis Tfor further study.
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Appendix: Methodology for luminescence dating

Quartz grains (90-120 pm) were extracted us described in
Huntley er al. (1993), Briefly. pure quariz of the right size
was obtained by pretreating with HCI, followed by NaOH
to break up clay aggregates, sieving, etching with 40% HF
for 40 minutes at 20° C, magnetic separation and floating
on heavy liquid at specifie gravity 2.67. For measurement,
5.0 = 0.1 mg was deposited on stainless steel discs.
Individual discs were post glow dose normalised with 6 Gy.

Fine grains (undifferentiated as to mineralogy) were
separated after the HCl and NaOH extractions by settling
from agueous 0.01N NaOH, the 4-11 um fraction being
retained. This was then deposited on aluminium discs from
acetone suspension, about 1 mg per dise. Individual discs
were 0.5 s short-shine normalised,

As stated in the main text, both dating protocols make usc
of the easily blcached component of luminescence, In the
case of TL this component is selected for by both
temperature and wavelength of cmission (Prescout &
Mojarrabi 1993). For GLSL it is assumed that thc
stimulated emission comes from the easily-bleached
component; optical filters also select for this component
(Huntley e al, 1991). The output is expressed as intensity
as a function of temperature for TL and as a function of
shine-down time for GLSL..

For both protocols the emitted intensity is measured for
“natural” samples and for samples which have received
additional doses from a calibrated laboratory beta-source
(N+B). About half of these samples are exposed to
laboratory bleaching by sunlight filtered by a 475 nm long-
wavelength-pass filter (Chris James 101); this bleach
removes the rapidly bleaching component completcly.
Some bleached discs are also irradiated (YB+8) to provide
the shape of the “missing™ part of the dose curve at doses
less than the natural dose. The data analysts follows the so-
called “Australian slide” proccdure (Readhead 1988,
Prescott et al. 1993) and the data output is the equivalent
dose D. cxpressed in grays. Such curves are known as “dose
curves”.

Two methods of dose rate determination were used: /n
situ scintillometry (see e.g., Hutton & Prescott 1992) uses a
sodium iodide scintillation crystal, 75 mm x 73 mm
diameter in the auger hole from which the sample for dating

is taken, The instrument is calibrated for K, U and Th and,
independently, for total gamma ray dose. Scintillometry
gives a completely sclf-contained measure ol dose rate,

Thick source alpha particle counting (TSAC) (Jensen &
Prescott 1983: Huntley er al. 1986) gives a value for the
contribution to the dose rate from U and Th together, and an
estimate of the U and Th concentrations scparately. In faet,
the dose rate to the sample is effectively determined by the
total alpha count and is almost independent of the relative
amounts of U and Th, However, the measured ratio allows
a (smally adjustment to be made to the dose rate. Combined
with measurement of K, TSAC gives an independent
measure of dose rate. X-ray fluorescence spectrometry is
used to find K,

In addition, U was tound using delayed neutron
activation (DNA). If this differs significantly from the other
methods of assay for uranium, it gives an indication of
radioactive disequilibrium, which was not the case here. It
is most convenicntly combined with the data from alpha
counting to give the U concentration and hence a more
accurate value for Th, These are the values shown in Table
1.

Table | includes the elemental analysey for all samples.
The dose rates calculated for PKI1S/3.5 using the
conversion factors of Nambi & Aitken (1986) are shown in
Table 2. The water content measured at the time of
sampling was used in the dose rute calculations. Cosmic ray
dose rates have been added in (Prescott & Hutton 1994), All
data are included in Table 1, even though a numerical age
was found for only one sample.

The age calculation is convenicntly expressed in terms of
the so-called “Age Equation™

Age (ka) = TL. of sample
TL per unit dosé (TL/Gy) x dosc rate (Gy ka')

In this equation, “TL of sample” (which measures the
accumulated energy) and “TL per unit dose” (which defines
the sensitivity of the material to radiation) are measured in
the laboratory on quartz or fine grains extracted from the
sample; and “dose rate™ is determined {rom measurements
in the tield and/or lahoratory.



